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preventing readmissions in vascular surgery
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Justin B. Dimick, MD, MPH,b and Philip P. Goodney, MD, MS,a,c Lebanon, NH; and Ann Arbor, Mich
The escalating cost burden of hospital readmission has prompted recent nationwide efforts aimed at reducing the
incidence of this important quality measure. Because patients undergoing vascular surgery account for a significant
proportion of readmissions, vascular surgeons may face reduced reimbursements in the near future if these trends
continue. However, risk factors associated with readmission remain poorly defined, and further research is needed to
identify interventions that will prevent readmission following vascular procedures. Accordingly, this manuscript will (1)
propose a conceptual model to explain the driving forces behind readmissions in vascular surgery, (2) review current
evidence directed at identifying risk factors and evaluating interventions to reduce readmissions across different medical
and surgical specialties, and (3) identify key areas in patient care where targeted research or interventions may be
implemented in vascular surgery. (J Vasc Surg 2012;56:556-62.)
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aHOSPITAL READMISSIONS AND HEALTH
CARE POLICY
Hospital readmissions are a significant burden on the
United States health care system. Nationally, it has been
estimated that 20% of patients are readmitted within 30
days following discharge after an acute hospitalization,
accounting for more than $15 billion of excess health care
spending per year.1,2 Due to these escalating costs, the
Center for Medicare and Medicaid Services (CMS) has
developed new policies in accordance with the Patient
Protection and Affordable Care Act of 2010 (ACA) to
reduce readmissions.3 Under this new legislation, hospitals
would face up to a 3% penalty in Medicare reimbursements
for patients readmitted within 90 days of initial discharge.
The initial cuts will begin on October 1, 2012 and initially
affect three types of medical admissions, including myocar-
dial infarction, congestive heart failure, and pneumonia.
These reimbursement reductions are scheduled to expand
and include readmissions occurring after vascular surgery
procedures within the next 3 years.3
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556There are several main reasons why vascular surgery has
een selected by policymakers for readmission reform.
irst, a recent nationwide study revealed that 24% of Medi-
are beneficiaries undergoing vascular surgery were read-
itted within 30 days.1 This constitutes the second-highest
ate of 30-day readmissions across all Medicare diagnosis-
elated groups, second only to congestive heart failure.
econd,most readmissions in vascular surgery are described
s “unplanned,” and, therefore, may be preventable.1,4
educing potentially preventable readmissions represents
ne of the main goals of health care legislative reform.5
While there are impending financial pressures to reduce
eadmissions, it is unclear at this time how this might be
ccomplished. To begin with, the concept of a “prevent-
ble” hospital readmission has not been clearly conceptu-
lized or defined. Moreover, the specific risk factors that
ontribute to readmissions have yet to be identified and/or
sed to predict when readmission might occur.4,6 And
nally, little prior evidence exists in terms of strategies that
re effective in reducing readmissions for either medical or
urgical patients.7
In this review, we outline mechanisms and potential
olutions to address each of these challenges. First, we
resent a model aimed at conceptualizing and describing a
preventable” readmission episode in patients undergoing
vascular surgery procedure. Second, we review the exist-
ng evidence that has sought to address how to categorize,
easure, and prevent readmission. And third, we outline
reas where vascular surgeons and policymakers can focus
uture efforts to allow the most effective use of resources
imed at measuring, predicting, and preventing readmis-
ions in vascular surgery.
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Volume 56, Number 2 Brooke et al 557UNDERSTANDING READMISSION
FOLLOWING VASCULAR SURGERY: A
CONCEPTUAL MODEL
Hospital readmissions following vascular surgery are
influenced by several interrelated variables, at both the
patient and the hospital level. Our understanding of how
and where risk factors exert their effect in readmission
pathways can be aided by the use of a conceptual model,
which provides a simplified framework for displaying inter-
actions and relationships within complex clinical pathways
and helps to introduce important terminology and classifi-
Fig 1. Conceptual model of a preventable readmission
issues to consider at four separate phases of care for a pati
represent points where variability in clinical pathways an
readmission and where future research may be targeted. L
socioeconomic status.cations of ideas.8 In Fig 1, we present the basic framework cor a conceptual model of preventable readmissions follow-
ng a vascular surgery procedure. This model is divided into
our phases representing points where variability in clinical
athways and decision-making may be associated with a
igher risk of hospital readmission.
Phase I: Patient, procedural, and structural charac-
eristics. The first phase considers patient characteris-
ics, as well as the characteristics of the vascular surgery
rocedures they are scheduled to undergo. There are
any potential patient-level risk factors for readmission
hat may be identified prior to the hospitalization, in-
scular surgery. There are multiple risk factors and key
admitted following a vascular surgery procedure. These
ision-making may be associated with increased risk for
ength of hospital stay; PCP, primary care provider; SES,in va
ent re
d dec
OS, Lluding pre-existing health status, surgical indication,
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August 2012558 Brooke et aland comorbidities. As might be expected, high readmis-
sion rates have been associated with several different
chronic illnesses in previous studies of Medicare benefi-
ciaries.9,10 For patients undergoing vascular surgery pro-
cedures, in particular, age 75 years and a history of
diabetes were both found to be associated with a higher
risk of unplanned 30-day readmission.4,11 Another re-
cent study found that the likelihood of readmission
following coronary bypass surgery was higher in older
patients, females, and African Americans.12 Additionally,
patients with lower socioeconomic status based on me-
dian household income levels had an increased risk for
readmission, likely because of lack of access to health care
or receiving care at poor-quality hospitals.13
In addition to patient-level covariates, readmission
rates have been shown to vary widely across procedures,
based on the invasiveness and extent of the procedure
itself.1,4 The risk of hospital readmission may also vary de-
pending on the volume of procedures performed at a partic-
ular hospital or by a given surgeon.14 However, attempts to
characterize readmission rates based on procedural-specific,
volume-dependent outcomes or operating room processes of
care have not been executed.
Phase II: Postoperative care. The second phase of
our readmission model defines variation in acute postoper-
ative care. This includes examining best practices and goal-
directed care for individual vascular surgery procedures.
For example, a recent meta-analysis performed among 16
different observational studies that analyzed readmission
rates among medical and surgical patients found that the
likelihood for readmission after substandard inpatient care
was increased 55% compared with normative care.15 But
while meeting the “standard of care” is important, variation
in readmission may still occur because of differences in
postoperative care pathways that can vary by provider,
hospital, or regional level for vascular surgery patients.16
This includes variations in patients’ recovery time spent in
the hospital relative to Medicare’s standard geometrical
length of stay for each procedure.
After preadmission and inpatient covariates are exam-
ined, the role of complications must be considered when
exploring readmissions. A study among patients undergo-
ing major general surgical procedures found that a postop-
erative complication increased the likelihood of hospital
readmission by 33%, relative to patients not experiencing an
adverse event.17 Further, the risk of readmission varies
based on how a complication or medical error is managed.
For instance, a complicationmay be recognized and treated
according to standards of care, be undertreated, be man-
aged inappropriately, or remain unrecognized until a pa-
tient arrives at his or her discharge location. Each of these
pathways is associated with different risks for readmis-
sion.18
Phase III: Planning and executing patient dis-
charge. The third phase of the readmission model is de-
fined by the variation that occurs in the planning and
execution of patient discharge. The transition from hospital ho outpatient care is a critical point in the clinical care
ontinuum, and the processes that occur during this time
etermine whether patient needs are met outside the hos-
ital.19 Patients may be readmitted following a vascular
rocedure because of an inappropriate level of discharge
lanning, follow-up care, or communication between hos-
ital providers and outpatient providers.19 A recent system-
tic review of audited discharge paperwork obtained from
5 different observational studies over a 35-year period
ound that key clinical information was consistently missing
rom patients’ discharge summaries and documents.20 Spe-
ifically, this study found that in up to 50% of patient
ischarges, summaries were missing diagnostic test results,
nformation about their hospital course, discharge medica-
ions, pending test results at the time of discharge, and
ollow-up plans. Moreover, another report found that only
2% to 34% of physicians treating a patient after a hospital
ischarge actually had a copy of the patient’s hospital
ischarge summary.2
The next key branch point in the model is whether a
atient is sent home vs discharged to a rehabilitation or
killed nursing facility. Each vascular surgery patient will
ave specific clinical and social needs depending on his or
er procedure and postoperative course. Additionally, the
egree of outpatient care may vary significantly depending
n discharge location. Discharge planning must balance a
atient’s clinical needs with his or her economic and social
esources, such as type of housing and presence of informal
aregivers. Patients may be more likely to be readmitted if
hey do not have support from family members, adequate
nancial resources to pay for home health care, or when
hey are not discharged to a living facility within their own
ommunity.21 On the other hand, readmission may also be
ore likely when patients are discharged home when a
killed nursing facility is indicated. A recent study that
valuated patients following abdominal surgery found that
ischarge with home health care was associated with a
ignificant increase in likelihood for readmission, likely as a
esult of inappropriate discharge disposition.22 Communi-
ation deficits between the clinical care team and the pa-
ient postdischarge can also influence the risk of being
eadmitted, including failure to schedule a timely clinic
ppointment or failure to contact the clinical team when
he patient has concerns.
Phase IV: The readmission itself. The final phase of
his model is the readmission process itself. A key issue at
his stage is whether or not a root cause within the read-
ission pathway can be identified as a plausible explanation
or the readmission. It is important to establish whether the
eadmission was planned vs unexpected, and whether it
ould have been prevented. For example, an inappropriate
eadmission is often facilitated by a lack of coordination of
are, or inadequate institutional infrastructure for outpa-
ient evaluation and subsequent triage. These variables
ften are structural and/or related to delivery of care at the
ospital level.
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BEEN DONE
Prevention of readmission is the central motivation
behindmeasuring and predicting the likelihood of a patient
being readmitted after hospital discharge. However, as
outlined above, there are inherent challenges and difficul-
ties that lie within each distinct step of this process (Table).
First, readmissions need to be defined and categorized.
Second, risk factors need to be identified that predict their
occurrence. Third, strategies for preventing readmissions in
high-risk patients need to developed and tested. While
these three steps have not been extensively explored within
vascular surgery readmissions, previous efforts have been
performed in a range of surgical and medical patients, and
we review these efforts herein.
Defining and categorizing readmissions. According
to a recent review, a readmission is defined “as a return
hospitalization to an acute care hospital that follows prior
acute care admissions within a specified time interval.”23
While this definition is concise, it does not account for the
fact that all readmission events are not equivalent, specifi-
cally in terms of their implications for quality assessment. In
other words, some readmissions may be planned or simply
not preventable, whereas others are unplanned and poten-
tially preventable. In Fig 2, we list four categories of read-
missions and give examples, including those that are related
or unrelated to an index vascular procedure, and planned or
Table. Overview of challenges in readmission research
Author Journal
Step 1: What is a readmission?
Goldfield (2008)23 Health Care Financing Review P
Step 2: Investigating readmissions
Kansagara (2011)6 Journal of the American
Medical Association
M
Hannan (2003)12 Journal of the American
Medical Association
C
Giles (2011)11 Journal of Vascular Surgery O
Step 3: Can readmission be prevented?
Wennberg (2010)29 New England Journal of
Medicine
C
Hansen (2011)7 Annals of Internal Medicine O
AAA, Abdominal aortic aneurysm; CABG, coronary artery bypass graft sur
readmission.unplanned. aSignificant debate has been centered on what meets the
riteria of a related and unplanned readmission, otherwise
nown as potentially preventable readmission (PPR). Most
linicians and investigators agree that a PPR involves a
eadmission for the same reason as the index admission, an
cute decompensation of a condition treated in the index
dmission, a readmission related to continuation of care
urrounding a surgical episode of care, or complications
temming from the surgical procedure or processes of care
round it (Table).23 In contrast, PPRs are not associated
ith patients that have chronic conditions or disabilities
hat would be expected to require subsequent readmission,
here readmission is necessary for unique follow-up re-
uirements, or admissions with a discharge status of “left
gainst medical advice.” The designation of what consti-
utes preventable and nonpreventable readmissions will
ikely be a subject of ongoing debate and represents a
ignificant task facing policymakers in this area.
Identifying and measuring risk factors.Once a read-
ission has been identified and categorized, the next step is
o identify and measure the associated risk factors and
evelop risk prediction models (Table). Given that govern-
ent payers plan to limit reimbursement to hospitals based
n risk-adjusted readmission rates, it is critical to focus on
ow this methodology will be developed.24 Specifically,
eadmission models should have excellent discrimination,
e generalizable across broad populations, and use readily
in effects of manuscript Critiques
ntroduced; examined its
tionship to covariates
Complex system for establishing
a PPR, likely to be difficult to
find consensus
models aimed at
dicting readmission
g currently available
ariates perform poorly
Small range of procedures
limited scope
readmission related to
ient complications
Poor model performance,
limited social/socioeconomic
inputs
patients and those
ergoing EVAR vs open
air of AAA had higher
dmission rates
Include reintervention and
readmission as main outcome.
Limited prediction model of
factors for readmission. Age
was a major driver of
reintervention/readmission
coordination through
alth coaches” can
vent readmission
Limited generalizability, given
private insurance effort
trials of predischarge,
tdischarge or transition
are interventions, no
le intervention
sistently demonstrated
uced readmission rate
Many studies utilize more than
one intervention, overall
quality of included studies
limits generalizability
EVAR, endovascular aortic aneurysm repair; PPR, potentially preventableMa
PR i
rela
ost
pre
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cov
ABG
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August 2012560 Brooke et alCMS to determine diagnosis-related groups and adjust for
a hospital’s case mix index when evaluating penalties for
readmissions. However, the use of traditional patient-level
risk factors such as patient demographics, medical comor-
bidities, and clinical variables has provided little insight into
prior models that describe readmission. For example, a
recent review of 30 models used to predict readmission
across a variety of medical and surgical settings and health
care systems found little ability to discriminate patients who
were at high risk for being readmitted.6 The poor perfor-
mance of these models was attributed to the lack of patient-
centered variables that considered functional status, home
support, or the social setting in place at the time of patient
discharge (Table). Other investigators have demonstrated
that the addition of sociodemographic factors to readmis-
sion models for medical patients improves their predictive
performance compared to comorbidity-based models
alone.26,27 Finally, hospital and health-system-wide factors
have been associated with readmission risk, including struc-
tural and process-related outcomes.6,28 Together, these
findings indicate that the calculation of risk-standardized
readmission rates in vascular surgery will need to include
existing variables currently collected in most health care
systems as well as contextual variables aimed at measuring
social, economic, and community-based support.
Designing systems to prevent readmission in high-
risk patients. Finally, the endgame of identifying, measur-
ing, and predicting readmission is to design health care
systems aimed at limiting the occurrence of readmission
following hospital discharge. While much of the actionable
work in reducing preventable readmissions lies ahead, it is
important to review the interventions that have been tested
Fig 2. Categorization and examples of readmission types in vas-
cular surgery.AAA, Abdominal aortic aneurysm;CABG, coronary
artery bypass graft surgery; CEA, carotid endarterectomy; MVA,
motor vehicle accident; TEVAR, thoracic endovascular aneurysm
repair.to date. cPre- and postdischarge interventions have been the
ubject of numerous randomized, controlled trials and
bservational studies conducted among medical patients
uring the past decade.7 This includes a number of ran-
omized trials to assess whether case management pro-
rams, follow-up discharge planning, telephone calls,
atient-activated “hotlines,” home visits, timely outpatient
ollow-up, and timely communication of patient informa-
ion to outpatient providers have impacted readmission
ates. Unfortunately, there has been a great deal of hetero-
eneity in outcomes and effect size across these studies. For
xample, randomized trials examining discharge planning,
ostdischarge telephone calls, and home visits have pro-
uced disparate results; some have been associated with
ower readmission rates, and others have not.7 Further-
ore, when these interventions are assessed as part of
ulticomponent discharge bundles, mixed results were
ound.7
Several recent studies have evaluated interventions spe-
ifically designed to bridge a patients’ transition from hos-
ital to home. This includes interventions such as patient-
entered discharge instructions, transition “coaches,” and
sing the same provider during inpatient and outpatient
are.7,29 These types of interventions, which have shown
romising results in early randomized studies, focus on
ontinuity of care, providing decision-making support, and
trengthening the social and structural supports in place at
ome at the time of discharge (Table).
OOKING FORWARD: A RESEARCH AGENDA
OR UNDERSTANDING AND REDUCING
ARIATION IN HOSPITAL READMISSION
OLLOWING VASCULAR SURGERY
The arguments presented above demonstrate that sig-
ificant opportunities exist, both in preventing readmission
rom occurring and in improving our understanding about
he driving forces behind PPRs. As with any complex
esearch investigation involving inter-related systems, di-
iding this task into distinct phases can help approach the
roblem in a systematic fashion (Fig 1).
During the first phase, research must be focused on
dentifying risk factors for readmission following the spec-
rum of low- and high-risk vascular surgery procedures. But
here should we look? Medicare claims represent a large
ationwide patient cohort, allowing longitudinal assess-
ent of patient outcomes such as readmissions. However,
his dataset is limited in the scope and detail of descriptive
atient or procedural variables. Moreover, it does not con-
ain all of the sociodemographic variables that define a
atient’s functional status, home support, or social setting
t the time of discharge. Institutional datasets, on the other
and, can be detailed enough to capture these types of
ariables but are limited by their lack of generalizability.
ne emerging solution may be to use prospectively col-
ected national and regional registries of vascular surgery
atients, such as The Vascular Surgery Study Group of
orthern New England (VSGNE) or the Society of Vas-
ular Surgery (SVS) Vascular Quality Initiative (VQI).30
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readmission risk, they can be adapted to allow collection of
clinical and sociodemographic variables within large co-
horts of vascular surgery patients, and can be linked to
claims datasets to allow broad examination of readmission
risk.
In the second phase, targeted research and interven-
tions will need to concentrate on variations in practice
patterns and quality of care delivered during the postop-
erative period. One area to focus on, in particular, is the
effect of hospital compliance with evidence-based pro-
cess measures on readmission risk. This includes whether
practice guidelines were followed for the prevention of
surgical site infections, deep venous thrombosis, or uri-
nary tract infections, as is done in well-publicized quality
improvement efforts such as the Surgical Care Improve-
ment Project (SCIP), the Leapfrog Group, and the
National Quality Forum (NQF).31,32 These nationwide
initiatives have all sought to reduce variations in quality
of care by promoting standardized postoperative care
pathways that reduce the risk of complications. For
example, the diagnosis and management of surgical site
infections, deep venous thrombosis, and urinary tract
infections prior to discharge may in theory lead to lower
readmission rates, but these data have not yet been
conclusively obtained. Finally, it is worth looking more
closely at the specific characteristics of hospitals with low
readmission rates, including utilization of process mea-
sures and their association with readmission.
Research directed at the third phase of the readmission
pathway will involve identifying barriers in the discharge
pathway and improving the transition from inpatient to
outpatient care. First, clinicians will need to identify
whether vascular surgery patients were readmitted because
of an inappropriate level of discharge planning, follow-up
care, or communication between hospital providers and
outpatient providers. Next, coordinated care programs
should be used to target high-risk patients in the readmis-
sion pathway prior to hospital discharge. Current examples
of these types of efforts include the Transition Care Model
(TCM), the Care Transitions Intervention (CTI), the Re-
EngineeredDischarge (RED) program, and the Care Tran-
sitions Program for Medicare beneficiaries.33-35
The readmission event itself represents the fourth and
final phase in the pathway towardminimizing readmissions.
The key question is whether a central event or multiple
factors identified within the readmission pathway contrib-
uted to the readmission, and whether the readmission was
potentially preventable. Further research is needed to iden-
tify PPRs, as well as to determine how many patients
actually meet clinical criteria for readmission and determine
whether they have been treated on an outpatient basis. This
information may become more accessible in the future via a
nationwide network for sharing electronic inpatient and
outpatient health care data that are being developed by the
U.S. Department of Health and Human Services.36ONCLUSIONS
In conclusion, current strategies to predict and prevent
eadmissions following vascular surgery continue to evolve.
s readmissions become more heavily scrutinized by CMS,
comprehensive research platform directed at the science
f readmission events is needed to avoid a tradeoff whereby
roviders merely keep patients in the hospital longer to
void penalties. Future efforts should focus on clarifying
nd improving definitions surrounding readmission, iden-
ifying risk factors specific to vascular surgery patients, and
esigning interventions that target those risk factors to
educe the risk of readmission. Successful execution of
trategies for predicting and preventing readmissions has
he potential not only to save money, but also to improve
he quality of vascular care.
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